Purpose: Carcinoembryonic antigen (CEA) is an important prognostic marker in colorectal cancer (CRC). However, in some stages, it does not work. We performed this study to find a way in which preoperative CEA could be used as a constant prognostic marker in harmony with the TNM staging system. Methods: Preoperative CEA levels and recurrences in CRC were surveyed. The distribution of CEA levels and the recurrences in each TNM stage of CRC were analyzed. An optimal cutoff value for each TNM stage was calculated and tested for validity as a prognostic marker within the TNM staging system. Results: The conventional cutoff value of CEA (5 ng/mL) was an independent prognostic factor on the whole. However, when evaluated in subgroups, it was not a prognostic factor in stage I or stage III of N2. A subgroup analysis according to TNM stage revealed different CEA distributions and recurrence rates corresponding to different CEA ranges. The mean CEA levels were higher in advanced stages. In addition, the recurrence rates of corresponding CEA ranges were higher in advanced stages. Optimal cutoff values from the receiver operating characteristic curves were 7.4, 5.5, and 4.5 ng/mL for TNM stage I, II, and III, respectively. Those for N0, N1, and N2 stages were 5.5, 4.8, and 3.5 ng/mL, respectively. The 5-year disease-free survivals were significantly different according to these cutoff values for each TNM and N stage. The multivariate analysis confirmed the new cutoff values to be more efficient in discriminating the prognosis in the subgroups of the TNM stages. Conclusion: Individualized cutoff values of the preoperative CEA level are a more practical prognostic marker following and in harmony with the TNM staging system.
INTRODUCTION
Carcinoembryonic antigen (CEA) is an oncofetal antigen discovered in 1968 by Gold and Freedman [1] . It is produced by normal fetal gut tissue and by epithelial tumors, especially those of the the differences between DFSs based on preoperative CEA ranges of <5 and ≥5 ng/mL to be significant for patients with TNM stage II tumors, but not for patients with TNM stage III tumors [8] .
These conflicting results are due to the use of a single cutoff value for the CEA (usually 5 ng/mL), even though different CEA distributions are seen in different TNM stages. Moreover, even though in a large-sclae study, Thirunavukarasu et al. [15] suggested that the preoperative CEA should be included in the TNM staging system, as a C-stage, the 'elevated CEA' could not differentiate between survivals in some TNM stages, which is not in harmony with the TNM staging system. Until recently, few reports have considered optimal cutoff values of the CEA level, other than 5 ng/mL, as a predictive factor of recurrence, and no study has adopted practical cutoff values based on the TNM stages. Therefore, this study was carried out to find a way in which the preoperative serum CEA (s-CEA) level could be used as a constant prognostic marker irrespective of the TNM stages by adopting individual cutoff values so that the CEA level corresponds with the TNM staging system.
METHODS
Between January 2000 and May 2010, 831 patients underwent surgery at SMG-SNU Boramae Medical Center due to a colorectal adenocarcinoma. Patients with a stage IV and in situ carcinoma, as well as those with transanal local excisions, were not included. Thus, 520 patients with stage I, II, and III lesions, who received curative resections, were included in this study.
Clinicopathologic data, including recurrence, were reviewed by using medical records. TNM classifications were defined according to the criteria of the American Joint Commission on Cancer (7th edition, 2010) [16] . Determination of recurrence was made by radiological and clinical examinations followed by histological confirmation. Serum CEA was measured by using immunoradiometric assays.
The CEA was validated as a prognostic marker for all the patients, as well as for the subgroups of patients, by using the conventional cutoff value of 5 ng/mL reported by others. The CEA distribution and corresponding recurrence rate were investigated. Then, the optimal cutoff values of s-CEA in each TNM and N stage were calculated by using a receiver operating characteristic (ROC) analysis, followed by a validation of their use as a prognostic marker. When calculating the mean, the CEA value under a measurable range (<1 ng/mL) was regarded as 0.5 ng/mL.
The Student t-test was used to compare the mean values of the CEA levels of the respective stages, and the chi-square test was used to compare the recurrence rates. DFS rates were calculated using the Kaplan-Meier method, and prognostic factors and survival curves were compared using the log-rank test. A Cox proportional hazards model with forward stepwise variable selection was used for multivariate testing of those factors found to be significant on the univariate analysis. The statistical analyses were performed with IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA).
RESULTS
Preoperative s-CEA is an independent prognostic factor, but not always Of the 520 patients, 118 patients experienced recurrence during a mean 42. currence, and 91 (77.1%) had distant metastasis (Table 1) . Fiveyear DFS rates were 92.9, 85.2 and 56.5 percent for stage I, II, and III patients, respectively (P < 0.001).
In the univariate analysis, factors associated with poor DFS were lymphatic invasion, vascular invasion, perineural invasion, T category, N category, and preoperative s-CEA level. A multivariate analysis revealed that lymphatic invasion, vascular invasion, N category, and preoperative s-CEA level (using 5 ng/mL as the cutoff) were independent prognostic factors for the 5-year DFS (Table 2). However, when the recurrence rate was analyzed in each TNM and N stage, CEA with a cutoff value of 5 ng/mL was not a significant prognostic factor in TNM stage I and N2, regardless of T stage (Fig. 1) .
Distributions of CEA vary in stages and recurrence rates within the same CEA range according to stage
The CEA distributions and recurrence rates were investigated to determine the reason the cutoff value of 5 ng/mL does not work as a prognostic marker in some stages. More and more patients have high CEA levels in advanced TNM stages, and this is the same in the N stage. The mean value of the CEA level increases with the progression of the stage, being 3.0, 7.3, and 9.2 ng/mL for stage I, II, and III, respectively, and 6.2, 7.5, and 11.5 ng/mL for N0, N1, and N2 stages. That is, progression of the stage shifts distribution of CEA to the right (Table 3 , Fig. 2 ). Especially, the mean values were significantly different between TNM stage I and II (P = 0.000) and between N stage 1 and 2 (P = 0.031) where the conventional cutoff value of the CEA level turns on or off.
The recurrence rate also showed differences according to the stage. The recurrence rate of stage III was 25.8% while that of stage II was 8.3% in patients with CEA ≤1 ng/mL (Table 4 ). In the same CEA range, patients in advanced stages had higher recurrence rates, and these results were statistically significant.
Optimal cutoff values of s-CEA decrease with the progression of stages ROC curves of s-CEA according to the TNM stage were made based on the specificities and the sensitivities of recurrence to determine the appropriate cutoff value in each TNM and N stage (Fig. 3) . The optimal cutoff value of s-CEA was 7.4 ng/mL in stage I, 5.5 ng/mL in stage II, and 4.5 ng/mL in stage III. The KaplanMeier survival curve confirmed a significant difference in DFSs between the groups at CEA levels below and above the optimal the cutoff value in each TNM stage (Fig. 4) . In addition, the appropriate cutoff values of s-CEA from the ROC curves were 5.5 ng/mL in N0, 4.8 ng/mL in N1 and 3.5 ng/mL in N2. In each N stage, the five-year DFSs were significantly different between the groups with CEA levels below and above the optimal cutoff values (Fig. 4) . That is, the optimal cutoff value decreases with advancing stage due to higher recurrence rates of advanced tumors in the same CEA range.
Individualized cutoff values enhance the power of CEA as a prognostic marker
We compared the differences in the 5-year DFSs obtained by using the optimal cutoff value from the ROC curve with those ob-tained by using the conventional cutoff value (5 ng/mL) in each TNM stage and nodal stage (Table 5 ). For stage I and N2, regardless of T stage, the low CEA (<5 ng/mL) group did not have significantly higher 5-year DFS rates than the high CEA (≥5 ng/mL) group (P = 0.139 and P = 0.145, respectively; Fig. 1 ). However, using 7.4 and 3.5 ng/mL as the cutoffs, the 5-year DFSs differed significantly between the low and the high CEA groups (P = 0.001 and P = 0.038, respectively; Fig. 3 ). In addition, even in the remaining stages for which the 5-year DFS rates differed significantly from those obtained with the conventional cutoff value (5 ng/mL), the new cutoff value obtained from the ROC curve offered more significant differences in the DFS rates. In the multivariate analysis, including lymphatic invasion and vascular invasion, the hazard ratio of recurrence with the new optimal cutoff value was higher than that of the conventional cutoff value (Table 5) .
DISCUSSION
TNM stage is currently the best prognostic predictor of the outcome in patients with CRC [16] . However, outcomes widely vary within the same stage. Thus, additional prognostic factors complementary to the TNM staging system should be found. Many predictive models have been proposed for better classification of CRC. Several studies have suggested that the preoperative CEA level is an independent prognostic factor [6, [8] [9] [10] . The College of American Pathologists Consensus Conference 1999 [17] suggested that the preoperative s-CEA level be used as a category I prognostic marker of CRC. Other than TNM staging, some other category I prognostic markers proposed were lymphatic or vascular invasion, and residual tumor following surgery with curative intent [18] . Using a Cox proportional hazards model, we confirmed that the preoperative CEA level, using 5 ng/mL as the cutoff, was an independent predictive factor for the 5-year DFS in all the patients. However, controversy exists about the significance of the preoperative CEA level as a predictive factor of recurrence. Not all studies have reported that the preoperative s-CEA level predicts the outcome in the respective stages of CRC. Huh et al. [8] reported that the preoperative CEA level (cutoff value, 5 ng/mL) was significant for TNM stage II, but not for stage III. However, some other studies showed that the preoperative CEA level was an independent predictor of DFS only for stage III CRC [7, [12] [13] [14] . In addition Takagawa et al. [9] reported that the preoperative s-CEA level was a reliable predictive factor for stage II and stage III, but not for stage I. These inconsistent results are due to a single cutoff value of 5 ng/mL, which is known to be the normal value based on the distribution in the general population without CRC, being applied to all cancer patients. In addition, the distribution of the CEA level differs according to the stage in the cancer patients. However, in most studies, a fixed cutoff value is used to predict the outcomes for all stages. The distribution of the s-CEA level is different in different TNM stages, which is the reason different cutoff values are necessary in different stages. This study has the limitation of a small number of patients. However, that does not limit our showing the trend of the CEA distribution. Although the individualized cutoff values in TNM stage II and III were approximately 5 ng/mL, consistent decreases in the cutoff value from TNM stage I to III and from N0 to N2 stage support a conclusion that a lower cutoff value is necessary in advanced stages. The distribution of the s-CEA level shifts to the right in advanced stages; however, there are more recurrences for the corresponding CEA levels in advanced stages, which is the reason a lower optimal cutoff value is necessary in advanced stages.
Some studies tried to find a practical cutoff value other than 5 ng/mL for the s-CEA level in CRC patients. In a stepwise validation, Park et al. [13] set the cutoff values of s-CEA at 3, 6, and 17 ng/mL and reported that a significant difference in survival could only be observed in patients with stage III tumors. Takagawa et al. [9] tried to find the optimal CEA level based on the time to relapse. They found 10 ng/mL to be a significant threshold in stage II and III. However, that value was not applicable to stage I. In the present study, use of individual optimal cutoff values from the ROC analyses offered prognostic significance of all stages. Our results suggest that the cutoff value of s-CEA should not be applied uniformly and that the optimal cutoff value needs to be individualized for each TNM stage for harmony with the TNM stage and for enhanced usefulness of the CEA level. The value of the CEA level as a prognostic factor in CRCs has been verified sufficiently. Thus, more importantly at this time is not the question of whether a CEA level of 5 ng/mL is a prognostic factor but a question of finding a practical cutoff value of the CEA level that is in harmony with the TNM staging system. Additionally, the significance of a prognostic factor depends on a reasonable classification of the collected members. Therefore, we suggest adopting individualized cutoff values of the CEA level according to the TNM stage. In addition, large-scale studies are necessary to determine an acceptable and standardized cutoff value for each TNM stage, including a standardized sampling time and assay method. This concept may extend the value of the preoperative s-CEA level as a prognostic factor to patients with stage-IV cancer, where the CEA level is seldom used as a predictor of recurrence after a curative resection.
In conclusion, the preoperative s-CEA level in CRC patients is a reliable predictive factor of recurrence. However, its utility is not fully displayed when a single cutoff value is used. With the adoption of an individualized cutoff value for each TNM stage based on the CEA distributions of the corresponding stages, the preoperative CEA level can be a constant prognostic factor in harmony with the TNM stage. Larger scale studies are necessary to determine the optimal cutoff value for each stage.
